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The goal of the President's National Energy Plan to produce 1.25 billion tons of coal by 1985 may be
achieved, but new legislation constraints and start-up delays may result in a production loss of 200-300
milliontons.Welldirected researchtodefinetheenvironmentalconsequenceofincreasedcoalproductionis
underway, but it tends to be fragmented and ill coordinated. A national reclamation plan based on an
achievable NEP must be developed that schedules, prioritizes, and coordinates research activities. Unless
theresultsoftheseresearchactivitiescan betransferred toindustry and stateandfederalagencies, they are
useless.
TheNEPemphasizes increased coal production intheEast wherehistoricwater resource impactsofcoal
production havebeensubstantial. Aciddrainageduring and afterminingatbothsurfaceand underground
mineshasbeenamajorsurface waterquality problemin theeasternandmidwestern U.S., butwhilerecent
legislation and reclamation techniques havebeen instituted to mitigatethe problem, theireffectiveness has
notyetbeenestablished. Groundwaterpassingthroughpyriticspoilmaterialsandundergroundminesafter
completion ofmining in the East and Midwest is known to cause serious localized impacts to groundwater
quality. The effectiveness ofreclamation techniques in controlling groundwater quality in mined areas is
very doubtful and deserves considerable investigation.
A major portion ofthe near-term increase in production will be in the western coal regions. Increased
salinityofsurfacewaterasaresultofpumpingandrunofffromsurfacemineswillbeapotentiallyimportant
impact in some western watersheds. Groundwater in reclaimed spoils in the West will have higher total
dissolved solids (salinity) than ambient groundwater quality. The potential oflocal or regional impacts to
surface and groundwater resources needs additional investigation. Impacts of aquifer disturbance on
agriculture and natural riparian and floodplain vegetation in western alluvial valleys is atopicofconsider-
able concern. Much research is needed to determine the true extent of the problem and the reclamation
potential of these areas.
Mining inallcoal regionswill altersurface-subsurface hydrologicsystemstosomeextent. The problems,
such as aquifer disruption, excess surface water runoff, and watershed flooding potential are related to
site-specifktopographic, geologic, andhydrogeologicconditions, andreclamationtechniques. Erosionand
sedinentation are potential problems at all mine sites. The extent of the problem will depend upon
reclamation success.
Surfaceminingwill continue to play an important role in the East,Midwest, and West under the NEP.
This increase in surface mining may include primeagriculture lands in the Midwest. Overburden analysis
and selective spoil placement ofunsuitable spoil materials is considered a necessity to successfully return
landstoalevelofproductionequaltoorbetterthanpremininglevels. TheprovisioninP.L.95-87toregrade
toapproximateoriginal contour regulation presentsproblemsforland restoration in both the East and the
West. Topsoil segregation and replacement hasbeen identified by numerousstates as an important partof
the reclamation plan to achieve postmining productive land use. Until recently, soil has been treated as a
mineral, not an ecosystem. High salinity and clay in conjunction with low precipitation create moisture
stress impeding vegetation establishment in the West. Final land use plans, designed tooptimize diversity,
are not being implemented within the various coal mining regions.
Research isneededonerosioncontrol, premineplanning,postmininglanduseplanning, properhandling
of topsoil, nutrient cycling on disturbed lands, disposal of waste, management of reclaimed lands, and
reclamation on arid lands.
Atmospheric effluents from coal mine reclamation activities will fall primarily into two categories: (1)
dust resulting from earthmoving activities or wind blowing across unstabilized areas, and (2) gaseous
effluents (SO,,NO,, CO, andhydrocarbons) from internalcombustionenginesofreclamationequipment.
The adverse health and environmental impacts oftheseeffluents, ifthey occur, are likely to be very small
and within acceptable linits.
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Introduction
The President's National Energy Plan (NEP) in-
vokes three basic strategies conservation, in-
creased coal utilization, and research and develop-
ment to attain the objectives and goals put forth
(1). This section will identify and discuss the impacts
associated with the reclamation phase of increased
coal utilization. The NEP would increase the use of
coal by 1985 by 565 million tons (total 1.25 billion
tons). To stimulate the increased demand for coal,
the plan proposes a coal conversion program con-
sisting of tax and regulatory measures. To ac-
complish this goal, NEP objectives expected that
coal production must expand in many regions with
an emphasis on the East. It is agreed that current
production has a small amount of excess capacity
and in many instances, mines are only operating one
shift instead of two or three. Coal development and
utilization are most economical when near major
markets, therefore, it will be necessary to stimulate
coal development and production in the highly
populated Eastern and Midwestern regions. Because
coal from these two regions has a considerably
higher sulfur content (3-6%) than western coal, the
best available flue gas desulfurization technoiogy
must be deployed. Additionally, the National
Energy Plan's commitment to the attainment and
maintenance of the environmental goals set out in
recent legislation requires that these goals be
achieved without endangering public health or de-
grading the environment.
While it is necessary to recognize that increasing
coal userequiresreasonable certainty and stability in
governmentpolicies, itis important to note that most
new mines are based on the development of long-
term (20 yr) steam coal supply contracts that permit
an equitable return on the initial large ($10-20 mil-
lion) capital investment. The lead time required to
open a new underground mine is four to six years,
whereas new surface mines require three to five
years (2). Lead-time delays mainly result from the
mining company having to obtain several state and
federal permits and from the filing ofenvironmental
impact statements. It is also agreed that the new
Off'ice of Surface Mining performance standards
may be tied up in litigation for one to two years,
which will lengthen lead time for new surface mines.
The total time required for purchasing land, con-
ducting planning, obtaining permits, and selling and
producing the coal may be considerably longer than
three to five years creating a serious lag time in
attaining NEP goals. Because surface mining is en-
vironmentally disruptive, the NEP will encourage
the opening of as many eastern underground mines
as possible. Furthermore, our surface coal reserves
representonly asmall portion (10%)oftotal reserves
(3). Hence, it would be important to develop new
safe, efficient, and economical underground mining
systems as quickly as possible.
Two conflicting views exist concerning the re-
gionalization ofcoal development to meet 1985 NEP
goals. The NEP view is to promote deep coal de-
velopment in the eastern and midwestern sections of
the country, the underlying reasoning being that less
environmental disturbance will occur with eastern
deep mining methods and coal production will be
located nearer consumers. The other view sees coal
development proceeding mostly in the West. The
reasoning here follows economic lines; the coal can
be more economically extracted and less ofan over-
all surface impact will occur because coal seams in
the West are typically 40 ft while in the East and
Midwest seams average 4 ft. Tables 1 and 2 have
been developed to illustrate the production and sur-
face disturbance impacts of these two scenarios.
Table 1 gives the regional distribution ofproduction
and disturbance for 1976 and 1985. The 1985 esti-
matesweredeveloped by ANLpersonnel using NEP
production goals and regional objectives as the basis
for developing the projections. The surface distur-
bance was determined on the basis of regional coal
seam thickness (BOM, IC 8531), regional coal re-
covery factors (ANL unpublished data), and the re-
gional production estimates. Table 2 gives similar
regional data based on the NCA (July 1977) pro-
jections for new coal mine openings. The data indi-
cate that 15% more coal (185 million tons) than the
NEP goal of 1.25 billion tons will be produced and
12% less surface disturbance (11,000 acres) will
occur in 1985 ifcoal development proceeds as NCA
projects itwill. These results indicate less ofan over-
allenvironmental impactand more coalproductionif
development takes place mainly in the West. It
should be understood that "acres disturbed" are
only a best guess,at this time and a more detailed
study is necessary. Table 3 provides comparison of
major parameters between the NCA and ANL/NEP
coal development.
Since most new mines must operate at least 20
years to return the initial investment, it is apparent
that mines opened between now and 1985 will be
operating after the year 2000. Based on Table 1,
surface disturbance in the West could increase two
and a halftimes by 1985 and at least remain at that
level ifnonew surface mines wereopenedafter 1985.
Implementation ofthe new Surface Mining Actby
the Office of Surface Mining could adversely affect
short-term production goals. Western surface ex-
Environmental Health Perspectives 160Table 1. Regional coal production and surface disturbances projections incorporating NEP goals and regional objectives.
1976 1985 Increase
Production Disturbance Production Disturbance Production Disturbance
Tons Tons Tons Tons Tons Tons
Region Type x 106 % x 106 % x 106 % x 106 % x 106 % X 106 %
West Surface 100.3 1,637 282 4,543 181.7 181 2,906 178
Deep 10.0 16 18 29 8.0 80 13 181
Total 110.3 17 1,653 3 300 24 4,572 5 189.7 172 2,919 177
Midwest Surface 103.0 17,820 225 38,927 122.0 118 21,107 118
Deep 56.9 984 75 1,298 18.1 32 314 32
Total 159.9 24 18,804 36 300 24 40,225 42 140.1 88 21,421 114
East Surface 157.8 27,300 250 43,252 92.2 58 15,952 58
Deep 237.0 4,100 400 6,920 163.0 69 2,820 69
Total 394.8 59 31,400 61 650 52 50,172 53 255.2 65 18,772 60
Totals 665.0 51,857 1250 94,060 585.0 88 43,112 83
traction problems relate to the questionofthe poten- 10¢-250/yd3, depending upon site-specific condi-
tial for acceptable rehabilitation because of the de- tions. However, segregation, storage, and replace-
struction of fragile ecosystems. Water availability ment costs can run as high as $1-$2/yd3 when pan
and quality problems will be critical in some areas. scrapers and bulldozers are employed. It is evident
The prime agricultural land issue will constrain sur- that research and development is necessary to re-
face mining in the Midwest, especially in Illinois, duce these costs.
where, by definition, more than 50%'o of the surface Because reclamation activities require energy as
mineable coal is overlain by prime agricultural land. well asdollars, itwouldbeimportanttocalculate and
An increase in eastern mining can increase levels of incorporate the net energy gain into the overall en-
acid mine drainage and resultant pollutant loading vironmental and economic analysis. In this way,
factors to the hydrologic systems. selection of specific regions as target areas for coal
Reclamation costs vary considerably because of development can be achieved.
climatic, physical and chemical parameters. In the
Midwest, topsoil segregation and replacement costs Legislative Review
in prime agricultural land vary between $2,000 and
$6,000 per acre depending on the amount ofmaterial Federal Programs. The main federal effort to
segregated. Overburden removal costs vary from protect our natural resources from the adverse en-
Table 2. Regional coal production and surface disturbance projection based on National Coal Association estimates.
1976 1985 Increase
Production Disturbance Production Disturbance Production Disturbance
Tons Tons Tons Tons Tons Tons
Region Type x 106 % x 1O" % x Ofi % X 106 % X 106 % X 106 %
West Surface 100.3 1,637 505.5 10,783 405.2 404 9,146 559
Deep 10.0 16 65.3 176 55.3 553 160 1000
Total 110.3 17 1,653 3 570.8 40 10,959 13 460.5 418 9,306 563
Midwest Surface 103.0 17,820 176.45 28,688 73.45 71 10,868 61
Deep 56.9 984 100.0 1,545 41.1 76 561 57
Total 159.9 24 18,804 36 276.45 19 30,233 36 116.55 73 11,429 61
East Surface 157.8 27,300 224.7 36,098 66.9 42 8,789 32
Deep 237.0 4,100 362.8 6,665 125.8 53 2,565 63
Total 394.8 40 31,400 61 587.5 41 42,763 51 192,7 59 11,363 36
Totals 665.0 51,857 1,434.75 83,955 769.75 116 32,098 62
December 1979 161Table 3. Comparison of NEP projections versus
NCA projection for 1985.
NEP Projections NCA Projections
Production, Disturbance, Production, Disturbance,
Region tons x 106 acres tons x 106 acres
West 300 4,572 570.8 10,959
Midwest 300 40,225 276.45 30,233
East 650 50,172 587.5 42,763
Total 1250 94,969 1434.75 83,955
vironmental consequences of coal mining is em-
bodied in the recently passed Surface Mining Con-
trol and Reclamation Act of 1977, P.L. 95-87.
Unlike other major environmental laws, P.L.
95-87 directly confronts the trade-offs to be made
between environmental protection and energy de-
velopment. It does this by establishing environmen-
tal performance standards and a federal regulatory
program for controlling the surface effects of coal
mining operations and by establishing research, de-
velopment, demonstration and training programs on
problems related to coal energy development. The
primary federal agency for implementing the en-
vironmental protection provisions of the Surface
Mining Law is the Office of Surface Mining in the
Department ofInterior. The energy development re-
sponsibilities are for the most part with the Depart-
ment of Energy. Development of environmental
standards for air and water quality are EPA's func-
tion, while identifying our prime farmland areas and
implementing the federal effort to reclaim lands pre-
viously affected by coal mining is the Department of
Agriculture's concern. Thus, federal programs pro-
moting the reclamation of mined lands involves the
cooperation and coordination of several federal
agencies (4).
This new federal effort to control the surface dis-
turbance impacts of coal mining is the latest gov-
ernmental response to mitigate the adverse en-
vironmental, health and safety consequences long
associated with coal development. The Environ-
mental Protection Provisions appear adequate.
However, the stress placed on the federal program
by the NEP coal production goals and the im-
plementation of a major regulatory program may
giverisetoasetofproblemsunanticipatedduringthe
legislative formation of a national reclamation pro-
gram.
One such problem inherent in the new federal re-
clamation program is the number of adequately
trainedregulatory personnel. Theeffectiveness ofan
environmental protection program is determined by
the regulatory personnel's actions. P.L. 95-87 will
require many persons to approve mining permits,
approve reclamation plans and inspect facilities to
ensure that environmental performance standards
are met. It is questionable whether an adequate
number ofqualified persons exist to fulfill state and
federal personnel requirements. Conceivably, the
use of poorly trained personnel could lead to the
approval of permits and reclamation plans that are
environmentally unsound and unsafe or lead to un-
satisfactory inspection of mining and reclamation
sites. Thus, consideration should be given to the
quality of the regulatory personnel to ensure that
enforcement is undertaken by knowledgeable peo-
ple.
Another problem which may arise because offed-
eral mining regulations concerns underground min-
ing. An objective of the Surface Mining Law is to
promote the development of underground mining.
Perhaps the reasons for this stance by the Congress
were the view thatunderground mining had less land
impacts than surface methods and most of our re-
serves lie deep in the ground. As coal production
increases, a shift to underground methods could
create additional health, safety and environmental
problems. If deep mining operations are expanded,
seriousoccupational health and safetyhazards, such
as black lung and cave-ins, would most probably
increase. This situation presents atrade-offbetween
the health and safety impacts ofdeep mining and the
environmental impacts of surface mining. As in situ
methods are employed, new land reclamation ques-
tions may also be expected to arise. Thus, the pro-
motionofunderground technologies in P.L. 95-87 to
lessen the environmental impacts from surface dis-
turbance may give rise to more devastating health,
safety, and environmental problems than surface
extraction now presents.
Although the surface mining legislation is not in-
tended to be a land use bill, it does include several
provisions, relating reclamation to land use. Land
must be reclaimed to a condition capable of sup-
porting the uses which existed prior to the advent of
mining, or some higher or better use. The impacts
onecould anticipate hereconcern theenvironmental
and sociological consequences of reclamation,
which include the creation of boom towns in the
western U.S. Anenvironmentally soundapproachto
reclamation would be to provide a land use which
would ensure that the land would remain undis-
turbed in the future. An associated social impact of
reclamation would be the relationship of the post-
mining land use to local development plans. Thus,
federally monitored surface mining and reclamation
programs should strive to assure the coordination of
reclamation with local development objectives,
otherwise, reclaimed areas may be adversely im-
pacted by future development and adverse societal
Environmental Health Perspectives 162reaction to energy development could arise because
ofdissatisfaction with reclamation plans.
Federal programs will most directly affect recla-
mation through the issuance ofenvironmental stan-
dards for reclaimed areas. The stringency of these
standards will determine both the feasibility of rec-
lamation at a proposed mining site and the adequacy
of environmental protection for the mined area.
Conceivably under the pressure for higher coal
production, reclamation standards may be weak-
ened or loosely enforced resulting in greater en-
vironmental degradation of mined areas. Two such
areas in the law are alluvial valley floors in the West
and prime agricultural land in the Midwest. In many
instances, sufficient information does not exist to
adequately understand the consequences of these
mining/reclamation operations, noris there auniver-
sal standardized system of environmental data col-
lection. Until additional data are available, uncer-
tainty and controversy will hamper execution ofthe
legislation.
In summary, the reclamation issues for federal
programs result primarily as a consequence of P.L.
95-87. Fourproblem areas related to theadequacy of
coal mine reclamation could arise because of such
federal programs. They are improper permitting and
site inspections because ofpoorly trained personnel;
the emergence of new reclamation problems and
additional health, safety, and environmental prob-
lems because of the promotion of underground and
eastern vs western extraction; the occurrence of
local post-mining land use conflicts; and the issuance
ofweakened reclamation standards.
State Programs. Although eight of the 50 states
still have no reclamation law, ofthese only Arizona
and Alaska have the potential for substantial strip
mining in the near term. All other major coal pro-
ducing states have reclamation laws. Almost all of
the42existing state strip mine reclamationlaws were
either enacted or revised during the past five years,
indicating that in most cases recent developments in
reclamation research and environmental control
policies were available for consideration during the
drafting of the laws (5, 6).
As minimum standards, most state reclamation
laws require the mine operator to backfill and re-
contour the mined area to varying degrees, often
dependent upon the land use to which the site is
being reclaimed. In addition, revegetation is re-
quired by all reclamation laws, except where vari-
ance is allowed for special uses. Most states require
burial or neutralization oftoxic substances and pre-
vention ofoff-site environmental damage. Although
they are notall coal producers, 23 states also require
topsoil segregation andreplacementforatleast some
operations, and many require screening the opera-
tion from public view with buffers ofvegetation (see
Table 4). Eighteen states require that mining com-
panies consider alternative land uses in the de-
velopment of reclamation plans, and provide a role
for local planning participation by requiring the re-
clamation plan to be consistent with local land use
plans, orthat local concerned agencies be notified of
the companies intent to mine (see Table 5).
In 25 states, the reclamation law is accompanied
by a published set of rules and regulations which
spell out to the mine operator more or less exacting
procedures to be followed to achieve the goals ofthe
law. For example, slope specifications for regraded
spoils are often spelled out in the rules and regu-
lations according to the various land uses to be con-
sidered. Steeper slopes are usually allowed for
forestrythanforpasture orrangelands, whichcanbe
steeper than row crop areas that must regularly be
traversed by farm machinery. The rules and regu-
lations may also contain instructions for revegeta-
tion, especially in western states.
Five states (North Dakota, New Mexico, Mary-
land, Kansas, and Louisiana) have reclamation laws
covering only coal, with no provisions for reclama-
tion ofother mineral sites. Three other states (Ohio,
Alabama, and Virginia) have two laws so that coal
can be regulated separately from all other minerals.
This philosophy of giving special attention to coal
mining dates back more than forty years, when
reclamation laws were first being drafted in the Mid-
west and Appalachia. At that time, virtually all
reclamation laws were directed solely at the coal
industry. It was not until after several workable coal
mine reclamation laws had been enacted that states
beganamendingexistingacts, ordrafting new bills to
include minerals other than coal. The existence of
P.L. 95-87 is an example of the same sentiments at
the federal level. Only after success has been dem-
onstrated at regulating the coal mining industry will
attempts be made to expand to other minerals.
Current Research. While much of the current
reclamation research is addressing interesting and
real site-specific problems, almost all of it has been
initiated without a comprehensive national research
plan. Disaggregation and poor coordination are
common faults. Some duplication does exist but to
some degree this is necessary. There is a strong
beliefthat no one in the government is cognizant of
the total reclamation research effort, even OMB. At
thistime, theredoes notexistaclearstatementofthe
problems in a regional or national context. As an
example, currently, it is impossible to obtain a good
nationalestimate regardingthe amountofland that is
disturbed each year by surface coal mining to help
define the problem. In addition, the disruptive ex-
traction practices of uranium, oil shale, and other
December 1979 163Table 4. Summary of state reclamation laws (coal mining states).a
Requirement (at least some provision)
Revegetate to
Elimination Conserve and Bury or neutralize Grade to approximate premine, permanent,
of highwall replace topsoil toxic wastes original contour or native vegetation
Pennsylvania Alabama Alabama Arkansas Illinois
Ohio Arkansas Arkansas Iowa Montana
Montana Colorado Illinois Kentucky South Dakota
Texas Illinois Indiana North Dakota Tennessee
Iowa Iowa Ohio Texas
Kansas Kansas Pennsylvania
Louisiana Kentucky Tennessee
Montana Missouri Texas
North Dakota Montana Washington
Ohio New Mexico Wyoming
Pennsylvania Ohio
South Dakota Oklahoma
Tennessee Pennsylvania
Texas South Dakota
Utah Tennessee
West Virginia Texas
Wyoming Utah
Virginia
Washington
West Virginia
Wyoming
aAdopted from Imhoff (5) and Doyle (6).
mineral mining require closer scrutiny to determine been developed. Any effort that does not assign the
what research efforts can be undertaken to minimize highest priority to the transferofresearch datato the
environmental health and socioeconomic impacts. user is useless. In addition, there is a real need to
Much ofthe past and current research information organize and standardize the data collection ac-
has not been transferred from the researcher to the tivities between disciplines and agencies. Better
user. Therefore, in many instances, programs are definition and agreement on resource regions and
being initiated to gather information that has already time frames is needed.
Table 5. Briefs of state assertions of the role of local public planning in regulations of mine reclamation.a
State Role stipulated
California Act on mining permits and reclamation plans and mining policy in general plans (of state).
Colorado Review for conformity with local land use controls.
Florida Local government may impose stricter standards (silent on local planning).
Illinois County board may recommend land use, and may request hearings.
Kentucky State permits must comply with local zoning laws.
Maryland State, in acting on applications, takes cognizance of county planning, zoning, and grading permits.
Minnesota "Rules ... shall conform with any State and local land-use planning."
New Mexico Consultation required with soil and water conservation districts. (No word about other types ofplanning organiza-
tions.)
Oregon Department may approve local governmental permitting or reviewing in lieu of State (local planning involved).
South Carolina Local soil and water conservation districts review and comment.
South Dakota Incompatibility with local land plans can be basis for State rejection of mining permit application.
Texas Local governments are notified ofmining-reclamation and their comments comprise input to the decision-making
process.
Utah Local governments are notified and their comments are taken under consideration.
Vermont State action must accord with local plans.
Virginia Local soil and water conservation districts advise.
Washington Applicant must show legality of action with regard to local mining.
Wisconsin Mining, reclamation and comprehensive plan (for site development) shall conform to local zoning.
Wyoming County involved in administration of act.
aAdopted from Imhoff et al. (5).
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national program that can begin to piece togetherthe
patchwork efforts currently underway and identify
what information is needed to plan and implement a
national land reclamation program that can assess
the environmental impacts ofcoal and other energy
mineral development and provide environmentally
soundeconomically feasibletechniques toutilizeour
natural resources.
Review of Literature
Research activities related to extraction/reclama-
tion of coal have been carried out since the early
thirties. All of this research was site specific and
tended tofocusonwell defined effortsofone ormore
disciplines.
During the sixties and seventies, research ac-
tivities increased and research efforts were reported
by universities and several federal agencies. At this
time, there exist thousands ofdocuments thatchron-
icle the development ofextraction/reclamation tech-
nology.
Rather than attempt an in-depth review of these
documents, this study has elected to list 65 bibliog-
raphies thatdeal withreclamation problems. Twenty
bibliographies and related works have been selected
forannotation. The appendix contains citations to or
alphabetical listingofall 65 bibliographies. It isquite
possible that some important efforts have been inad-
vertently overlooked.
Impacts on Water
East and Midwest
Increased coal production under the National
Energy Plan will create additional impacts to water
resources in the East and Midwest qualitatively
similar to current problems occurring because of
past and present coal mining in those regions. Most
studies involving waterquality and hydrologic alter-
ations resulting from surface mining have dealt with
active mines or abandoned unreclaimed mined
areas. However, there has been little research con-
ducted to specifically evaluate the effectiveness of
various mining and reclamation techniques to
minimize water resource problems in mined areas
during and after reclamation. The types of hydro-
logic and water quality problems, the substantiating
empirical data, the areas of uncertainty, and needs
for future research will be briefly discussed here.
Erosion and Sediment Transport. Runoff rates
and erosion on reclaimed mine areas have not been
well documented. Erosion and sediment transport
from actively-mined areas and unreclaimed areas
have been showntobe much higherthanonunmined
areas. In a study of strip-mined watersheds in east-
ernKentucky (7)large sedimenttransport rates were
measured duringactive mining and in a2-yearperiod
aftercompletionofmining; the rate ofsediment yield
was correlated with the percent ofmined area in the
watersheds. Davis and Hines (8) monitored mined
watersheds for sediment yield and measured 0.2
acre-feet per acre ofdisturbed land for a three-year
period, which is equivalent to approximately 120
tonsperacre peryear. Generally, sedimenttransport
rates from surface-mined lands are highest in steep
sloped Appalachian areas. A large diversity of ero-
sion control and sediment retention procedures and
techniques are available for active surface mines and
reclaimed lands(9, 10). The actual successoferosion
control for each mined area or coal refuse disposal
site, and the subsequent mitigation of aquatic im-
pacts, is highly dependent on the adequacy of state
and federal laws and regulations, the degree of en-
forcement of these laws and regulations, and the
cooperation and effort of mining companies to im-
plement reclamation techniques to minimize erosion
and sediment transport. An evaluation of the effec-
tiveness of sediment ponds in reducing suspended
solids in the runoff water from coal surface mining
activities in the East (11) showed generally poor
performance because the ponds werefound nottobe
constructed in accordance with the approved plans
and specifications, were not properly utilized, or
were not properly maintained. The ability of differ-
ent reclamation techniques to minimize long-term
erosion and sediment transport to streams has not
been specifically investigated.
Acid Water Runoff. Many coal seams and as-
sociated overburden rock, particularly in the north-
ern Appalachian states, Alabama, Ohio, and the
Interior Coal Basin states contain significant quan-
tities of pyrite. When exposed to air during surface
mining, the pyrite undergoes gradual oxidation. The
sulfate minerals produced by pyrite oxidation are
soluble and react with water to form what is com-
monly termed acid mine water, having a low pH and
high concentrations of acidity, sulfate, and metals.
The acid water accelerates weathering and leaching
of other minerals, thus contributing variable con-
centrations of calcium, magnesium, iron, man-
ganese, aluminum, copper, cadmium, zinc, and
other metal ions which are toxic or potentially toxic
to vegetation and aquatic life. Acid mine water has
long been recognized as a major water quality prob-
lem in the East and Midwest.
Grading and compaction of acidic spoils and coal
refuse, addition of lime, and a cover of soil with
December 1979 165vegetation has commonly been recommended as the
best reclamation technique to effectively retard py-
rite oxidation and leaching and has proven to be
moderately successful in producing short-term im-
provements in surface water quality (12-14). The
long-term effectiveness of a soil cover in reducing
pyriteoxidationand leaching is still uncertain. Atthe
New Kathleen mine site in Illinois and innumerable
other sites in the East and Midwest, erosion often
removes the soil cover along gulleys, thus reexpos-
ing pyritic materials and allowing oxidation to be
renewed. Reclamation success will therefore play a
major role in determining the future levels of acid
mine drainage resulting from increased coal produc-
tion.
GroundvwaterPoUution. The amount ofresearch
that has dealt with groundwater contamination as a
result of incomplete reclamation of acidic mine
spoils is limited. Waterflowingthrough pyritic mate-
rials is capable ofdissolving and transporting great
quantities of acid, sulfate, and dissolved metals in
the subsurface flow systems. Extensive pollution of
aquifers has been documented in the Clarion River
watershed (15) and in Clearfield County, Pennsyl-
vania (16) as a result of surface and underground
mining. This situation probably occurs to some ex-
tentinmostareas where miningofpyritic coal seams
is occurring, but hasn't been adequately investi-
gated. Whether proper reclamation can control sub-
surface leaching ofpyritic materials is anotherques-
tion that has received inadequate consideration.
FloodingPotential. The hydrologic system ofan
areaoranentire watershedcan bedrastically altered
as a result of mining. Hydrologic research in the
mountainous areas of eastern Kentucky has shown
that peak discharges (flooding potential) are in-
creased by as much as a factor of 5 as a result of
surface mining; whereas studies in Indiana (17) indi-
cated that surface mining reduced peak flows, in-
creasedgroundwaterrecharge in the spoil materials,
andincreasedlowflowsofstreamsinthemined area.
Thechanges seenintheIndianastudyweretheresult
ofmines not being graded to contour or reclaimed,
and as a result water retention in "last cut" ponds
reduced runoffand increasedgroundwaterrecharge.
The alterations ofthe hydrology and the flooding
potential ofa mined watershed will likely occur as a
result of mining and reclamation, but the exact na-
ture of these changes is highly dependent on the
basintopography andgeometry, rainfall, mining and
reclamation methods employed, and the areaofland
disturbed.
In summary, not all water resource impacts re-
sulting from current and future increases in coal
production in the East and Midwest are fully recog-
nized or evaluated. However, it is anticipated that
themajority ofproblems will be qualitatively similar
to those presently existing. The extent and mag-
nitude of future problems will be primarily deter-
mined by the effectiveness ofexisting and proposed
legislation in reducing erosion and sedimentation,
and acid mine drainage. The impacts of future coal
production will to a large extent be watershed and
site specific and it is not within the scope of this
cursory discussion to quantitatively assess regional
water resource degradation.
West
Concerns relating to water resource impacts dur-
ing coal mining and reclamation in the West differin
many respects from those in eastern and midwestern
mining regions. These regional variations arise from
differences in mining methods used, in the sulfur
content of coals, as well as differences in factors
such as climate, soil types, land use patterns, and
water availability.
Alkaline vs. Acid Drainage. Unlike the situation
at many eastern and midwestern mines, acid forma-
tion and drainage is not a prevalentproblem at west-
ern coal mines, nor is it expected to become one.
This is attributable to the low sulfur content ofmost
western coals (particularly pyritic sulfur forms
which lead to sulfuric acid formation upon oxida-
tion), as well as low wateravailability and the gener-
ally alkaline nature of western soils and water. A
further consequence of alkaline water is reduced
mobilization of potentially toxic or otherwise unde-
sirablemetalswhichreadily enterinto solutionunder
acid conditions, but precipitate under alkaline con-
ditions. This lack ofacid drainage, both during min-
ingand reclamation, removes a major source ofcon-
cern for water quality present in other coal regions.
Erosion-Sedimentation. A potential aquatic im-
pact common to all coal regions is erosion and sub-
sequent sedimentation in receiving streams. While
total yearly rainfall is low in many western regions,
the potential for extensive erosion during intense
rainfall events exists, and may be intensified by lim-
ited or delayed revegetation success in arid regions.
Existing effluent limitation guidelines limit point
source discharge of suspended solids during active
mining, but currently do not specifically control
nonpoint-source loading of suspended solids during
mining or reclamation. Thus, a significant potential
exists for negative aquatic impacts related to ero-
sion-induced sedimentation during reclamation as
well as mining phases. Insufficient data exist to per-
mit estimation ofthe severity of such impacts; how-
ever, it is clear that without implementation of en-
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technologies, increased sediment loading in western
streams is likely to occur with increased surface
mining.
Salinity. Another potential water quality impact
at western sites is increased salinity caused by
pumped discharges during mining and by surface
runoff and groundwater seepage during mining and
reclamation. Effluents and runoff at western mine
sites often contain concentrations of major soluble
ions considerably in excess of ambient concen-
trations in receiving streams. In some cases, the
dilution ofmine waters in receiving streams is suffi-
cient so that no detectable impact upon ambient
stream concentrations is apparent (18, 19), although
in at least one documented case substantial salinity
increases have been noted (20, 21).
Small to moderate increases in salinity (e.g.,
10-20%o)in mostwestern streams would probably not
represent a significant environmental hazard to
aquatic biota; however, large increases could not
only affect some aquatic biota but also water uses
such as domestic consumption, agricultural irriga-
tion, stock watering, and industrial consumption.
Theactual usereffects ofsalinity increases inagiven
watershed will be determined primarily by use ofthe
resource. For example, a salinity increase in a
Northern Great Plains stream used primarily for
stock watering and irrigation of relatively salt toler-
antcrops (e.g., alfalfa) mightbe acceptable, whereas
the same increase in the lower Colorado River Basin
where many irrigated crops are salt sensitive could
result in significant agricultural impacts. Increased
western coal production is likely to result in salinity
increases in some streams, which in some stream
basins could affect present water use. Salinity con-
trol measures incorporated into mining and reclama-
tion plans will be necessary in sensitive riverbasins.
Groundwater. The limited available data indi-
cate that groundwater in reclaimed mine spoils is
often more highly mineralized (saline) than ground-
water in undisturbed media, thus indicating possible
local impacts upon groundwater quality and use.
Insufficient field dataexist to determine the regional
extent ofthis potential problem, but present indica-
tions are that such problems will be local and site
specific.
The mining method presently used at most west-
ern coal mines is area strip mining. This method
disrupts all geologic units above the coal seam as
well as the coal seam itself. Any permeable layers
between the land surface and the bottom ofthe coal
seam are thus interrupted, and may cause an altera-
tionin local groundwater availability andflow paths.
Depressions of the groundwater table are ex-
perienced in the vicinity ofoperating mines because
ofseepage intomine pits and localized dewateringof
the aquifer(s). Such depressions of the water table
are limited to the mine vicinity and are expected to
recoverafterreclamation, butmay causewells inthe
vicinity of the mine to go dry during the periods of
active mining and early reclamation. The extent to
which water table levels will recover after reclama-
tion will be site specific and dependent on proper
restoration of groundwater systems in reclaimed
areas.
Water Availability. Because of limited water
availability in most western coal regions, impacts of
mining and reclamation upon water availability as-
sume great importance. Without proper premine
planning and reclamation, water availability for
specific uses may be affected by alterations in water
quality anddisruption oflocal hydrologic systems as
a result of expanded western coal mining. Because
researchdataareincomplete, itis notpossible atthis
time to quantify the regional impacts of expanded
western mining.
Alluvial Valley Mining. Disturbance of local
groundwater systems is presently ofparticular con-
cern in alluvial valleys. Only approximately 3% of
the coal mine lease acreage in an eight-state western
areainvestigated (22) was located in alluvial valleys,
but since overburden is often thinnest in these areas,
mining in alluvial valleys is economically attractive.
Additionally, mining adjacent to alluvial valleys
(where up to 10%o of the strippable western coal is
found) could disrupt valley hydrologic systems. Al-
luvial valley floors play an important role in the
agricultural economy of many arid and semi-arid
western regions, and any significant disturbance of
groundwater hydrology could reduce the long-term
agricultural productivity of these valleys and repre-
sent a long-term impact upon land use. The rec-
lamation potential of disturbed alluvial valleys is
presently notclear, although it is believed that resto-
ration ofessential hydrologic functions is possible in
some areas. Extensive research on reclamation of
alluvial valley floors and adjacent uplands is needed
before long-term impacts on agricultural and
groundwater hydrology and water quality can be
evaluated.
Current Research
While there is ageneral lack ofpertinent research
information concerning water resource impacts of
western coal mining, a substantial number of major
(and amultitude ofminor) research projects are cur-
rently underway, and results should soon be avail-
able. This does not imply that all questions and
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answered, but the types and magnitudes ofpotential
problems that can be expected in western coal re-
gions should be identified, and regional or site
specific studies (e.g., baseline data acquisition for
mining permits) can be tailored to emphasize perti-
nent local or regional problems and information re-
quirements that have been recognized by previous
research efforts. Once ongoing. studies are pub-
lished, it should also be possible to begin generalized
analysis ofthe cumulative impacts ofmultiple mines
or other energy-related developments such as coal
conversion or electric power generation within indi-
vidual river basins. However, detailed assessments
and impact quantitation of specific developments
will require additional site specific studies since the
detailed conclusions necessary forplanning such de-
velopments are sensitive to unique site characteris-
tics.
All major federal agencies charged with environ-
mental responsibilities are funding water resource
studies in the western coal regions, and virtually all
aspectsofaquatic and hydrologic impacts ofthe coal
fuel cycle are under investigation. But because of
intrinsic inter- and intraregional variability, redun-
dancy among the research efforts is essential to dis-
tinguish local unique problems from those ofgeneral
or regional concern to regulatory authorities.
Research Needs
Questions of major concern, which will no doubt
require additional investigation, dealwith such areas
as incipient effects of salinity and alkaline soluble
metals (e.g., selenium and molybdenum) upon
specific aquatic biota and agricultural crops, long-
term effects of low level increases in suspended
solids, the reclamation potential of alluvial valley
mining, biotic effects of reduced flow regimes in
streams, and various aspects ofaquifer disturbance
and restoration.
Impacts on Land
East
Present Problers. Expanded production in the
East as outlined by the NEP will result in increased
pollution even though great strides have been made
in developing mining and reclamation technologies
which minimize the effects of land disturbance. Al-
though major emphasis is placed upon augmenting
production from underground mining, surface min-
ing will still play an important role in meeting the
goals of the NEP. This is dictated by manpower
shortages in the short term for underground mines
and the desirable reserves of coal that can only be
safely mined by surface methods.
Erosion of unstabilized spoil resulting from the
contour mining of steep slopes or from the
mountain-top removal method of mining as well as
acid generated from pyritic materials in these spoils
are major environmental problems. Sediments
eroded from surface mines, from coal refuse areas
andfromdisposalareasofacid minedrainage(AMD)
treatment sites are a major problem in the Eastern
United States. Additional pollution results from the
erosion of haulage roads used for both surface and
underground mines and from the land disposal offly
ash, bottom ash, and scrubber sludge. With in-
creased coal production and coal utilization, these
areas may have major impacts on the health and
environment ofthe area. Erosion and sediment con-
trol are prime concerns in southern Appalachia
(Tennessee, Alabama, southern West Virginia, Vir-
ginia, and eastern Kentucky) (23).
Acidity is a major factor in northern Appalachia
including the area of Pennsylvania, southeastern
Ohio, northern West Virginia and Maryland. In this
area, rock strataoverlying thecoal are low infertility
and high in acid producing materials. These factors
dictate that sound reclamation techniques and
maintenance programs (24, 25) be used on surface-
mined areas. Spoil can turn acidic, resulting in dif-
ficulty of vegetation establishment or loss of veg-
etative cover, and thereby increasing the erosion
potential. Overburden analysis and the selective
placement ofmaterials have become standard prac-
ticesinWestVirginiaand someothereastern states.
Thelignite areainAlabama, whendeveloped, may
have similar problems as evidenced by high sulfur
values foundduringpreliminary analysis ofoverbur-
den materials.
Damage tooff-site properties results fromthe cor-
rosive actionofAMD, from erosion ofsurface mate-
rials, and from slides from the outslope areas of
contourmines. In 1965, eastern Kentucky had slides
on 12% of its contour mines, causing flood hazards
by blocking small streams and natural drainage pat-
terns. In addition, sediment basins at the head-of-
hollows are flood hazards if improperly designed;
however, there is evidence that properly designed
surface mine sediment structures have lessened the
effects of the 1977 spring floods in southern West
Virginia.
Underground mining, which includes drift, slope,
and shaft mines, poses different problems. The Buf-
falo Creek disaster in West Virginia is a good ex-
ample. Coal mine refuse was used to construct a
water impoundment at the head of a hollow. Insta-
bility of this material caused the dam to give way
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and millions of dollars of property damage. A 1974
study, only 40%o completed, on dams in the east
found 30 similar water impoundments which were
classified as imminent flood hazards and 176
additional structures which were classified as poten-
tial flood hazards (26). An increase in underground
mining even with additional safeguards can only ag-
gravate the situation because of the increased vol-
ume of coal mine refuse.
Areas of Uncertainty or Controversy. The ap-
proximate original contour regulation of the new
Federal Surface Mining Act presents a problem for
restoration of both surface mining and the surface
effects of underground mining in Appalachia. Re-
turning a surface mine to original contour creates
long uninterrupted slopes which promotes erosion
and slope instability unless proper control measures
aretaken. Aback-to-contourdemonstrationbyTVA
at Massengale Mountain has an exceedingly high
erosion rate of 1 3tons/acre/year(27). The storageof
mine waste from slope mines exhibit similar prob-
lems and creates environmental damage, especially
when stored downslope from the mining operation.
This material erodes and is deposited in the valleys
which contaminate soil and water resources.
Land grant universities, various state agencies,
USDAForestService, USDAAgricultural Research
Service and USDI Fish and Wildlife Service have
ongoing research on overburden analysis, revegeta-
tion, watershed hydrology, minesoil classification,
wildlife habitat restoration and reforestation. Rec-
lamationofsurface mine spoilsusingwaste materials
from municipalities (sewage sludge), coal-fired
power plants (fly ash, bottom ash and scrubber
sludge), and AMD treatment facilities (alkaline
sludge) are also being instituted. This work has re-
sulted in much duplication in effort. A strong in-
teraction between all agencies funding research in
the East would lessen the chances ofduplication in
the future.
Resource/Research Needs. New areas ofneeded
research in mining and reclamation technologies are
necessitated by the regulations of the Federal Sur-
face Mining Act. The approximate original contour
regulation in the most controversial issue and will
not be resolved until additional data are available.
Other areas of needed study include design of sedi-
ment structures, methods ofcontrolling erosion on-
site before it reaches the sediment structure. Re-
search on the pre-planning of mining operations to
include viable future land uses must receive detailed
consideration. The characterization and potential
use, as construction materials or soil amendments,
of waste rock, coal refuse, AMD treatment sludge,
fly ash and scrubber sludge are areas which need
additional research.
Midwest
PresentProblenm. Surface miningfor coal in the
Midwest has encroached on valuable prime agricul-
tural lands. In 1976, for example, permits were is-
sued to surface mine 17,230 acres within the state of
Illinois. Ofthis total acreage, 12,954 acres, or about
75%, are classified as prime agricultural land by the
U.S. Soil Conservation Service (28). Projected esti-
matesforthe Midwest indicate thatlanddisturbance
by surface mining will possibly double to meet the
NEP 1985 goals. This increase in surface mining
activity will undoubtedly advance the disturbance of
prime agricultural lands and affectboththeeconomy
and environments in Midwest surface mining areas.
Themajorconcern ofminingprimeagricultural lands
iswhetherornotthetechnology orknowledge exists
which will allow for the successful reestablishment
of those soil factors which are conducive to suc-
cessful crop production.
The new Federal Surface Mine Act (P.L. 95-87)
specifiesthatthe rootzone ofplants be reestablished
following mining by topsoil and/or subsoil segrega-
tionandreplacementtoachieve bothatexturally and
chemically suitable root environment. This section
ofP.L. 95-87 will not have a majorbeneficial impact
in several agriculturally oriented midwestern states
that are major producers ofsurface mined coal. For
example, Ohio, Illinois, and North Dakota have had
reclamationregulations requiringtopsoil segregation
and replacement for at least two years (29). Illinois
limits topsoil segregation and replacement only to
lands suitable for agriculture. North Dakota re-
quirements are for all lands and were developed to
alleviate chemical and physical problems associated
with lower subsoil strata. Therefore, the potential
role of topsoil replacement to lessen the time re-
quired to return land to a productive state has been
recognized and employed for a brief period of time
by numerous states that have surface mining.
Areas ofUncertainty or Controversy. One ofthe
problems associated with surface mine reclamation
isthe reestablishment ofa suitable matrix capable of
supporting plant growth at a level of maintenance
equivalent to premined conditions. This matrix is
called "topsoil." Topsoil is a valuable natural re-
source containing most of soil organic matter and
nutrients required by plants for crop and forage
production. The problems associated with reestab-
lishment ofthis below-ground ecosystem are in part
due to the lack of understanding of the biological
processes associated with this geochemical and
geophysical matrix. Until recently, soil has been
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Currentlaws require thattopsoil be removed sepa-
rately and replaced on the backfill area or, if not
utilized immediately, stockpiled. If proper planning
is undertaken, the only stockpiles evident are nor-
mally those associated with the first cut and exist for
the life of the mine. Also, topsoils may not be re-
placed during certain seasonal periods due to cli-
matic conditions. Thus, the length ofstorage may be
great. The consequences of long term storage of
topsoils on below-ground processes are not known.
Also, the length oftime forwhich soils may be stock-
piled with minimum deleterious effects are not
known. Just as important is the depth at which these
stored topsoils should be kept. Also, what consti-
tutes an adequate depth oftopsoil over spoil? Is an
intensive management system necessary togetthese
soils back into row-crop production. If so, for how
long?
One factor which undoubtedly will influence the
returnoflands to aproductive state is time. Unfortu-
nately, research data on the time required to rees-
tablish high-quality farm land after surface mining is
lacking. However, even with the insufficient data
base, estimates oftimes ranging from 10 to 30 years
have been made (30). These estimates were made
without consideration given to the beneficial impact
oftopsoil segregation and replacement. Should this
time estimate be correct, losing these lands from
agricultural productivity could be critical. Perhaps
the answer isjust a matter of economics. The most
expensive steps in surface mine reclamation are top-
soil removal, storage and replacement, backfilling
and grading, and erosion control. Uniformity is
lacking in reporting these costs but with topsoiling,
estimates for North Dakota range from $2400 to
$6600/acre (31). If additional segregation of lower
soil horizons is found to be necessary in order to
return land to aproductivity level equal to orgreater
than premining levels, it may be just a matter of
added cost/ton of coal mined.
Is the potential loss of prime agricultural lands a
problem to be concerned about? Based on past his-
tory, the answerto this question would be yes. How-
ever, with the awareness now at both the state and
federal level ofthe importance ofthe darkened sur-
face soil component which contains the major por-
tion of the important soil ecosystem, the answer is
perhaps no.
We still do not completely understand the bio-
geochemical processes associated with native soils
let alone disturbed systems such as those encoun-
tered in the reclamation process. Thus at this point,
the consequences ofour actions as toexpanded coal
minedevelopment on prime agricultural land cannot
beaddressed in arational manner sincethe database
necessary for making realistic decisions as to what
can be done is not at hand. What is necessary, then,
is an increase in research addressing questions so as
to gain a better understanding of the microbial pro-
cesses occurring within the soil. Particular emphasis
should be addressed towards a better understanding
of the carbon and nitrogen cycle. Also, research
should address the role of soil symbionts, particu-
larly mycorrhizae and nitrgoen fixers in undisturbed
and reclaimed systems as to the potential benefit of
such associations.
Prime agricultural lands are often prime lands for
otheruses. Residential and industrial developments,
road construction as well as surface mining are
making large demands on the limited supply of this
valuable natural resource. Among the above men-
tioned uses, only surface mined lands have the po-
tential to be returned to their former use. Additional
research is needed in many areas to determine the
most rapid and economical means to reclaim these
areas of high agricultural production. Of equal im-
portance, other efforts must be oriented to control
the destruction of prime agricultural lands by all
forms of development.
Resource/Research Needs. Currently, the De-
partment ofAgriculture and the universities in coop-
eration with several mining companies are initiating
a research program to better understand the impacts
of mining prime agricultural land in the Midwest.
Additionally, the Department of Energy-funded
Land Reclamation Program at Argonne National
Laboratory is conducting afield research program to
evaluate alternative topsoil materials and manage-
ment practices. Several universities, including Iowa
State University (Iowa coal project), have prelimi-
nary datathat will be helpful in determiningthe most
environmentally acceptable and economic way to
restore high agricultural production. Unfortunately,
most of this research was initiated during the past
two years and preliminary data are inconclusive.
There exists considerable disagreement regarding
time that will be required to answer the questions
related to disturbance of prime agricultural land.
West
Present Problems. The precipitation patterns
over much of the western coal regions are highly
variable and consistently low. Low precipitation,
and hencelowavailable moisture, isthe most serious
in the southwestern coal fields, particularly in the
FourCorners areaand the Red Desert areaofsouth-
ern Wyoming. Both areas average 6 to 9 in. precipi-
tation annually; they frequently receive less. Cur-
rently, some companies are irrigating reclamation
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species to become established. Irrigation is not a
solution for all mines in semi-arid sites since water
rights are usually not available. Mine-mouth power
plants are a source ofirrigation water for some rec-
lamation, while other mines must rely on mulching
and spoil surface manipulation to hold available
moisture (32). In areas where wind is a problem,
mulching is not effective. There are many areas in
the western U.S., however, where annual precipita-
tion is 14 to 16 in. or greater and where acceptable
revegetation (including establishment of native
species) can be accomplished after surface mining.
Alkaline or saline spoils are a problem throughout
the West. High salinity and clay in conjunction with
low precipitation create moisture stress inhibiting
vegetation establishment (33). Alkalinity problems
can be avoided through selective overburden place-
ment in some cases. The use oftolerant species can
also ameliorate the impact of alkaline and saline
spoils. In North Dakota, legislation has been passed
which requires selective overburden placement to
bury toxic overburden.
Areas ofUncertainty or Controversy. Irrigation is
a center of controversy. The question of whether
initially irrigated plant communities on reclaimed
areas can maintain native area densities for an in-
definite period of time has not been answered. The
controversy centers around the fact that initial es-
tablishment rates under sprinkler irrigation are
higherthan normal, and adrought yearmay severely
impact the reclaimed community (34). Many states
require the use of"native" species only. There is no
allowance made for a blend of"native" and adapted
introduced species which is a common condition on
many rangelands. The use of early successional
species and other invaders in reclamation is also a
source of controversy (35). Currently, reclamation
practice uses only late successional or climax
species. Some researchers believe early succes-
sional species will aid in the establishment of these
more desirable species. Some researchers maintain
thatregradingformore effective range management,
e.g., the creation of stock ponds, may be an advan-
tage (36). The question of alluvial valleys and
whether they should be mined is also of concern.
Some argue that mining would impact subsurface
irrigation which is thought to be highly important to
agriculture in these areas.
Small mammals can also impact reclamation.
Seed-eating mammals will follow drill rows, con-
suming all seeds in a furrow. Rabbits consume large
quantities ofyoung vegetation, particularly grasses.
In some cases, grass establishment is impossible
without rodent control.
Resource/Research Needs. All of the areas dis-
cussed above require research. Land management
decisions and the knowledge to make them are
amongthe mostcritical. Itis possiblethatsome areas
which are regraded as marginal, e.g., southwestern
Wyoming, canbe improved through recontouringfor
better land use. Spoils reshaped to create stock wa-
tering ponds, for example, could greatly improve
land use efficiency by spreading grazing activity.
Spoils reshaping and other land management tools
could improve reclamation effectiveness in other
ecosystems as well.
Increased mining in the West will make the de-
mand for adapted species greater. If "native"
species are a requirement, a premium will be placed
on their development. Several western companies
are concerned about potential future shortages of
adapted seeds to accomplish reclamation if legisla-
tion requires revegetation with native species.
Irrigationwillcontinue to be atooluntilalternative
methods are developed; the lack of water will be a
major problem at mines where water forirrigation is
not available.
Health and Ecological Effects of
Atmospheric Effluents from Coal
Mine Reclamation Activities
Atmospheric effluentsgenerated as aresultofcoal
mine reclamation activities will fall primarily in two
categories: (1) dustgenerated and entrained inthe air
as a result of earthmoving activities or by wind
blowing across unvegetated or unstabilized piles or
areas of spoil, refuse or topsoil, and (2) gaseous
effluents from diesel or gasoline powered internal
combustion engines of reclamation equipment. It
should be emphasized at the outset that the off-site
adverse health and ecological impacts of these at-
mospheric effluents, if they occur, are likely to be
smallandwithinacceptable limits. Thisconclusion is
based on the fact that the concentrations of those
effluents that are of even marginal concern are ex-
tremelylocalized (< 1 mi2) andofshortduration (< I
yr) for any given location. Thus, in most cases, po-
tential impacts will be limited totheoperator's siteor
lease area. Potential impacts to onsite workers and
biota will be addressed by the Surface Mining Con-
trol and Reclamation Act of 1977 (Public Law95-87),
whenitisfullyimplemented, and bythe Federal Coal
Mine Health and Safety Act of 1969.
Dust
Dust may be entrained in the air by the following
coal mine (primarily surface) reclamation activities:
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moval; backfilling; grading; topsoil respreading;
preparation of soil for planting; application of lime,
fertilizer, mulch or other amendments; seeding; and
unvegetated or unstabilized piles or areas of spoil,
refuse, or topsoil.
Dust consists of chemically active and/or inert
particulates in the size range of < 1 Am to > 150 ,um
in diameter. These particles are not a stable compo-
nent ofthe atmosphere because they eventually fall
back to the earth's surface (37). Concentrations of
dustvary fromcity to rural areas and can range from
30 ,g/m3 in rural areas to over 200 ,ug/m3 in urban
regions. Inareasofhighearthmovingactivity, values
can exceed 1000 Ag/m3 (38).
Entrained or deposited dust in the vicinity of
reclamation activities may pose potential health and
environmental effects due to reduced visibility, in-
creased inhalation of particulates including trace
elements orother toxic materials brought to the sur-
face by soil and subsoil relocation, aggravation of
pre-existing respiratory problems by particulates,
shading and/or suffocation ofvegetation due to dust
deposited on aerial plant parts, reduction of palata-
bility of vegetation to livestock and wildlife due to
dust deposited on plant surfaces, or deposition of
dust in water bodies adding to the sediment and/or
salt loads of these waters.
The magnitude of effects due to dust caused by
reclamation activities can vary considerably de-
pending on mitigative measures employed by the
operator. Measures that will reduce the amount of
entrained and deposited dust include: good engi-
neering practices used during earthmoving sprin-
kling of haul roads with water or dust-suppressant
solution, and rapid revegetation or stabilization of
temporary storage piles and other unstable areas.
Entrained and deposited dust may be more of a
problem in the arid West where there is less precipi-
tation and where vegetative cover to stabilize sur-
face materials is more difficult to establish. Also, in
many coal mining areas of the West average wind
velocity and persistence are greater than mining
areas in the Midwest or East.
Gaseous Effluents
Relatively small amounts of SO,, NO,, CO, and
hydrocarbons are emitted by the internal combus-
tion engines (diesel and gasoline) of reclamation
equipment. However, realistic estimates of ground
level or low level concentrations of these effluents
(39) for a typical reclamation operation are several
orders of magnitude below the concentrations that
have threshold acute effects on biota, including hu-
mans. Therefore, the effects ofgaseous effluents will
notbe addressedfurtherhere since the probability of
adverse impacts is extremely low.
Conclusions
As discussed above, the probability of offsite ad-
verse health and environmental impacts due to at-
mospheric effluents from coal mine reclamation ac-
tivities is very low. Onsite workers and biota will be
covered by federal and/or state regulations. Thus, if
an operator conducts reclamation within these reg-
ulations, the impacts should be within acceptable
limits.
APPENDIX
Review of Reclamation Research Bibliographies
To date more than 50 bibliographies have been
developed that list and describe publications related
to coal extraction and mined land reclamation. Dis-
cussed below are a number of selected, larger
bibliographies; an additional 49 bibliographic docu-
ments are given as references (40-88). The bibliog-
raphies summarized below are classified according
to the region ofthe U.S. they cover and the organi-
zation that sponsored their development. The vol-
ume ofliterature pertaining to Western mining oper-
ations isrelatively small incomparison tothatforthe
East and Midwest; this reflects the historical domi-
nance of Eastern and Midwestern mining.
EasternandMidwesternU.S. Bibliographies
National Coal Assn.IBituminous Coal Research,
InC. A major source of environmental damage re-
sulting from mining operations in the East is acid
minedrainage. Morethan 2300documents havebeen
listed in the MINE DRAINAGE ABSTRACTS: A BIB-
LIOGRAPHY produced by the National Coal Associa-
tion and Bituminous Coal Research, Inc. Published
as a series of annual abstracts, this bibliography
identifies the major works on the formation, abate-
ment, and effects ofwaterpollution related to under-
ground and surface coal mining. Documents are
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indexed by author, subject, geographicfeatures, and
organization.
Another Bituminous Coal Research, Inc., bibliog-
raphy, RECLAMATION OF COAL-MINED LAND: A
BIBLIOGRAPHY WITH ABSTRACTS, indexes and
abstracts more than 700 technical articles and re-
ports. The publications included in this reference
cover all aspects of reclamation.
U.S. Department of Agriculture/Forest Service.
Publications resulting from the U.S. Forest Ser-
vice's program on forestation of strip mined lands,
which began in 1937, are summarized in G.A.
Limstrom's FORESTATION OF STRIP MINED LAND,
published in 1960 asAgricultural Handbook 166. The
135 documents described in this bibliography iden-
tifythe characteristics ofoverburden and theireffect
onthe establishment and growth ofplants and trees.
As a follow-up to Limstrom's original bibliog-
raphy, David Funk published A REVISED BIBLIOG-
RAPHY OF STRIP MINE RECLAMATION in 1962 which
lists nearly 100 publications, plus more than 70 tech-
nical citations that appeared in Limstrom's report.
Reclamation research publications also are
documented in the Forest Service's STRIP MINE
RECLAMATION: A DIGEST, published in 1962. This
document reviews and summarizes the published
reclamation literature through mid-1961.
Miroslaw Czapowskyj's ANNOTATED BIBLIOG-
RAPHY ON THE ECOLOGY AND RECLAMATION OF
DRASTICALLY DISTURBED AREAS, published in 1976,
is a general publication which illustrates the ac-
complishments in improving the condition of mined
lands. Produced by the U.S. Forest Service, this
bibliography lists nearly 600 technical documents
written by university, government, and industrial
researchers.
U.S. Department of Energy. The Argonne Na-
tional Laboratory Land Reclamation Program has
published A SELECTIVE BIBLIOGRAPHY OF SURFACE
COAL MINING AND RECLAMATION LITERATURE,
VOLUME 1: EASTERN COAL PROVINCE; VOLUME 2:
INTERIOR COAL PROVINCE. This bibliography has
been compiled for use by researchers, students, and
other groups who need a reference source of pub-
lished literature related to surface coal mining and
reclamation. Each volume contains more than 1300
references, including government reports, journal
articles, symposium proceedings, industrial reports,
workshop proceedings, theses, and bibliographies.
A simple format was used to categorize citations.
U.S. Department of the Interior. In 1971 DOI
produced SURFACE MINED AREAS: CONTROL AND
RECLAMATION OF ENVIRONMENTAL DAMAGE, A
BIBLIOGRAPHY, which lists 387 references on soil
shifts, chemical modifications, and water pollution
resulting from surface mining and the restoration of
mined areas. This document references literature
published in the United States between June 1960
and June 1970.
U.S. Department of the Interior/Geological Sur-
vey. A common reclamation problem in the Midwest
is land-use conflict in areas where coal is being strip
minedfrom highlyfertile rowcrop land. Thisconflict
has resulted in a strong opposition to the extraction
process. A BIBLIOGRAPHY OF INTEGRATED
MINED-AREA RECLAMATION AND LAND USE
PLANNING was prepared by the USGS Resource and
Land Investigations Office and Argonne National
Laboratory; it was compiled foruse by planners who
deal with the problems presented by surface mining
and reclamation. There are 424 citations, many re-
lating to reclamation planning in all parts of the
United States.
U.S. Departnwnt ofthe Interior/Bureau ofMines.
SURFACE MINED LAND IN THE MIDWEST: A RE-
GIONAL PERSPECTIVE FOR RECLAMATION PLAN-
NING is a691-page report by Argonne National Lab-
oratory which addresses the problems of coal ex-
traction and surface mine reclamation inthe 11-state
Midwestern coal resource region. This report in-
cludes adetailed state-by-state bibliographywith530
entries for Illinois, Indiana, Western Kentucky,
Missouri, and Ohio.
Universities. A SELECTED BIBLIOGRAPHY AND
DISCUSSION OF THE EFFECTS OF STRIP MINING
UPON NAVIGABLE WATERS AND THEIR TRIB-
UTARIES was compiled by the University of Pitts-
burgh in 1972. Itis amajorreviewoftheliterature on
the sedimentation and acid mine drainage attributa-
ble to strip mining for coal.
R. F. Munn, from West Virginia University, com-
piled 611 references and grouped them into several
categories in STRIP MINING - AN ANNOTATED
BIBLIOGRAPHY. The categories include history,
government regulations, environmental effects and
reclamation.
AN ANNOTATED BIBLIOGRAPHY ON SLOPE STA-
BILITY OF STRIP MINE SPOIL BANKS, which lists 366
references, was compiled in 1964 by the Ohio Agri-
cultural Experiment Station.
MisceUaneous. A BIBLIOGRAPHY OF SURFACE
COAL MINING IN THE UNITED STATES TO AUGUST,
1971, by F. V. Kieffer, is another major reference
source. It lists 730 references dealing with surface
coal mining and the ecology of disturbed lands.
Western U.S. Bibliographies
Regional Commissions. A BIBLIOGRAPHY PER-
TAINING TO VEGETATIONAL ESTABLISHMENT AND
MANAGEMENT ON LANDs DISTURBED BY MINING IN
December 1979 173THE WESTERN STATES was written by the Western
Regional Coordinating Commission in 1975, in order
to provide an up-to-date list of recent publications.
SURFACE MINING AND MINED LAND RECLAMA-
TION, A SELECTED BIBILOGRAPHY, prepared by the
Old West Regional Commission, also emphasizes
the literature pertinent to Western surface mining
and reclamation. It contains about 1300 references
grouped into such sections as Surface Mining and
Distribution of Land and Water, Reclamation, Re-
vegetation, and Revegetation of Sand Dunes and
Arid Areas.
Universities. A BIBLIOGRAPHY OF LITERATURE
PERTINENT TO MINING RECLAMATION IN ARID AND
SEMI-ARID ENVIRONMENT is a bibliography pre-
pared by Utah State University which lists 312 ref-
erences, grouped under 27 headings. Coal-related
reclamation topics include: ash spoils, coal spoil
banks, and lignite spoil banks.
VEGETATION AND METAL TOXICITY IN RELATION
TOMINE AND MILL WASTES, also produced by Utah
State, is an annotated bibliography dealing with the
various toxic elements found in mine and smelter
wastes and their toxic effects on vegetation. It lists
167 publications.
The Office ofArid Land Studies at the University
of Arizona has compiled a 278-page bibliography
entitled THE IMPACT OF ENERGY DEVELOPMENT ON
WATER RESOURCES ON ARID LANDS: LITERATURE
REVIEW AND ANNOTATED BIBLIOGRAPHY.
Another important contribution to the literature
relating to the Western United States is a bibliog-
raphy entitled THE ECOLOGICAL EFFECTS OF COAL
STRIP-MINING: A BIBLIOGRAPHY WITH ABSTRACTS.
Prepared by Colorado State University, it contains
nearly 1300 references on the ecological effects of
Western coal strip mining with particular emphasis
on the Northern Great Plains.
Of particular significance to the literature is
SELECTED BIBLIOGRAPHY ON COAL-ENERGY DE-
VELOPMENT OF PARTICULAR INTEREST TO THE
WESTERN STATES, prepared in 1974 by the North
Dakota Agricultural Experiment Station. This bib-
liography includes 486 references grouped underthe
following topics: general references and bibliog-
raphies, coal resources of the Western states, de-
mand for Western coal, surface coal mining, spoil
bank reclamation, mineral rights and public regula-
tionofstripmining, economic impact ofstrip mining
and power production, and environmental impact of
strip mining and power production.
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